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(54) Electron multiplier 



(57) A mesh electrode (9) is provided over an inci- 
dent opening (7a) of the electron multiplication portion 
(6) of an electron multiplier tube such as a photo-multi- 
plier. In the electron multiplication portion (6), a dyno(de 
group (Dy) Is located downstream of a first dynode (Dyl) 
for multiplying electrons supplied from the first dynode 
(Dyl). The dynode group (Dy) is provided in the vicinity 
of the centre of curvature of at least part of the first dyn- 
ode (Dyl), A plate electrode (10) and the mesh electrode 
(9) are supplied with a potential between the potentials 



applied to the first dynode (Dyl) and applied to the dyn- 
ode group (Dy). Accordingly, the electric field formed 

due to the potential difference between the first dynode 
(Dyl) and the dynode group (Dy) is confined by the in- 
termediate potentials. The electric field Is therefore uni- 
formly distributed over the region from the vicinity of the 
first dynode (Dyl) towards the dynode group (Dy) to en- 
sure a greater number of the electrons emitted by the 
first dynode (Dyl) reach the dynode group (Dy) and to 
ensure that they reach it at a more uniform time. 



FIG. 8 
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Description 

The present invention relates to an electron multi- 
plier for multiplying incident electrons by a series of dyn- 

odes. 

An electron muftiplier is for multiplying electrons to 
produce current ampfificatlon. The electron multiplier Is 
provided with an array of successively disposed dyn- 
odes. When an electron impinges on a first dynode in 
the array, the first dynode emits secondary electrons, 
which Impinge on a second dynode, which further emits 
secondary electrons, and so on. In this way, electrons 
are successively multiplied by the series of dynodes. 
The electrons will be finally collected by an anode. Pho- 
tomultiplier tubes are examples of electron multipliers 
wherein successive dynodes are provided between Its 
photocathode and anode. 

Conventionally, various types of electron multipliers 
have been proposed. However, as described below, 
conventional multipliers have an insufficient multiplica- 
tion rate, that is, an insufficient rate, at which electrons 
are multiplied. 

Japanese Patent Application Kokai No.2-291656 
describes an electron multiplier in which dynodes are 
arranged in a configuration resembling a Venetian blind 
as shown In Fig. 1 . Electrons travel along various paths 
before falling incident on the dynodes. For example, an 
electron that travels along a path/b" will strike a dynode 
of afirst row 101 . However, an electron that travels along 
another path "a' passes between adjacent dynodes in 
the first row 101 to directly strike a dynode in the second 
row 102. As a result, the electron that travels along path 
"a" will not be multiplied by the dynode in the first row 
101. 

The present inventors have further investigated 
how electrons travel within this conventional electron 
multiplier. 

In this electron multiplier, a mesh electrode is pro- 
vided above each dynode row, thereby forming a mesh-, 
dynode pair. The mesh electrode and the dynode of 
each pair is applied with the same electric voltage. For 
example, a mesh electrode 1 00, provided above the first 
dynode row 101, is applied with the same electric volt- 
age as dynodes in the first row 101. As in general elec- 
tron multipliers, dynodes of the second row 102 are ap- 
plied with a higher electric voltage than are those of the 
first row 101 . As shown in Fig. 2, equipotential surfaces 
indicated by broken lines are developed in spaces 
around the dynodes in the first row 101 . An equipotential 
surface SI has the same potential as do dynodes in the 
lirst row 101. An equipotential surface S2 has a lower 
potential than do dynodes in the first row 1 01 . As appar- 
ent from the figure, the equipotential surface S2 pro- 
trudes downward and approaches near the face of the 
upper part of each dynode of the first row 101 . 

Electrons traveling along paths "d" and "e" strike the 
lower parts of a dynode of the first row 101 , which gen- 
erates secondary electrons as a result. The secondary 



electrons travel toward a dynode of the second row 102 
along electric lines of force which are normal to the equi- 
potential surfaces. On the other hand, an electron trav- 
elling along another path "c" strikes the upper part of the 
5 dynode of the first row 101. Generated secondary elec- 
trons are attracted back to the dynode because the dyn- 
ode has a greater potential than does the nearest equi- 
potential surface, that is, the equipotential surface S2. 
Because those secondary electrons will not travel to the 
10 second dynode 102, the multiplication rate of the elec- 
tron multiplier becomes lowered. 

Japanese Patent Application Kokai Nos. 2-33847 
and 2-54859 have proposed another electron multiplier, 
in which a first dynode 1 03 and a dynode group 1 04 are 
15 arranged in the manner shown in Fig. 3. The dynode 
group 104 Is constructed from successive dynodes. In 
the drawing, equipotential surfaces are indicated by bro- 
ken lines. An equipotential surface SI has the same po- 
tential as does the first dynode 103. An equipotential 
surface S2 has a lower potential than does the first dyn- 
ode 103. As apparent from the drawing, the equipoten- 
tial surface S2 protrudes downward and approaches 
near the face of the upper part of the first dynode 103. 
Electrons that travel along the paths "f" and "g" strike 
the first dynode 103, which generates secondary elec- 
trons as a result. The secondary electrons travel toward 
the dynode group 104. An electron travelling along an- 
other path "h" strikes the upper portion of the dynode 

103. Generated secondary electrons are attracted back 
to the dynode 1 03 because the dynode 1 03 has a great- 
er potentiat than does the nearest equipotential surface, 
that is, the equipotential surface S2. Accordingly, those 
electrons will not travel to the dynode group 104. 

It is additionally noted that as shown in the drawing, 
electrons that have travelled along the different paths 
"f" and "g" strike the first dynode 103 at different posi- 
tions. Generated secondary electrons proceed along 
different paths to the dynode group 104. The lengths of 
these travelling paths are different from one another. Ac- 
cordingly, these electrons take different times to travel 
from the dynode 103 to the dynode group 104. In other 
words, as the electron incident position on the dynode 
103 changes, the travelling path, along which the gen- 
erated secondary electrons travel to the dynode group 

104, also changes. Accordingly, the times taken by sec- 
ondary electrons to travel to the dynode group 104 vary 
greatly. 

Japanese paternt Application Kokai No.5-1 14384 
has proposed another photomultipliertube having a first 
dynode 1 08, a second dynode 1 09. a third dynode 1 05, 
a fourth dynode 111, and so on arranged as shown in 
Fig. 4. A pole electrode 106 and the fourth dynode 111 
are applied with the same electric voltage. Another pole 
electrode 110 and the second dynode 109 are applied 
with another same electric voltage. According to this ar- 
rangement, only those secondary electrons emitted 
from a region (referred to as an effective region herein- 
after) A of the first dynode 108 will properly enter the 
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second dynode 109. Secondary electrons generated at 
regions other than the effective region A of the first dyn- 
ode 108 will tail to arrive at the second dynode. For ex- 
annple, secondary electrons emitted from a portion "i" on 
the first dynode 108 will strike the back side of the third 
dynode-l 05. Also, secondary electrons emitted from an- 
other portion "j" will strike the pole electrode 106. Sec- 
ondary electrons emitted from still another portion "k" 
travel back to a focus electrode 107. Accordingly, the 
electron multiplication rate is still low in this photomulti- 
piier tube. 

Japanese patent Application Kokai No.63-254652 
has proposed another phot omultiplier tube having a first 
dynode 1 1 3, a second dynode 1 14, a third dynode 115. 
and so on arranged as shown in Fig. 5. A mesh electrode 
is provided in confrontation with each dynode. A mesh 
electrode 112, provided in confrontation with the first 
dynode 113, is applied with the same electric voltage 
applied to the first dynode 113. With this arrangement, 
secondary electrons emitted from the upper part of the 
first dynode 11 3 will fail to enter the second dynode 114, 
but will directly arrive at the third dynode 115. Accord- 
ingly, the electron multiplication rate is still low in this 
photomultiplier tube. Additionally, secondary electrons 
take various lengths of time to travel from the first dyn- 
ode 1 1 3 to the second dynode 1 1 4 and so on. 

Japanese patent Application Kokai No:2-227951 
proposes still another photomultiplier tube having a first 
dynode 121, a dynode group 123, and a grid electrode 
1 20 arranged as shown in Fig. 6. The grid electrode 1 20 
is applied with the same electric voltage with the first 
dynode 121. As apparent from the figure, secondary 
electrons take differing lengths of time to travel from the 
first dynode 121 to the dynode group 123. 

As described above, in the conventional electron 
multiplierfe, the incident efficiency with which secondary 
electrons can enter the second dynode will vary greatly 
according to the electron impinging position on the first 
dynode. The amount of time taken by the secondary 
electrons to travel from the first dynode toward the sec- 
ond dynode also varies greatly. 

According to this invention an electron multiplier for 
multiplying electrons comprises: 

a mesh electrode for allowing electrons to pass 
therethrough from a first side to a second side, the 
mesh electrode being applied with a first electric 
voltage; 

a first dynode provided on the second side of the 
mesh electrode facing it for receiving electrons 
passing through it and for emitting secondary elec- 
trons, the first dynode being applied with a second 
electric voltage lower than the first electric voltage; 
and, 

a second dynode provided on the secorid side of 
the mesh electrode facing the first dynode, the sec- 
ond dynode being applied with a third electric volt- 
age higher than the first electric voltage for receiv- 



ing the secondary electrons emitted from the first 
dynode and for emitting secondary electrons. 

According to another aspect, the present invention 
5 provides an electron multiplier for multiplying electrons, 
the electron multiplier comprising: an electron inputting 
portion for receiving electrons to be multiplied; a first 
dynode for receiving electrons from the electron input- 
ting portion and for emitting secondary electrons; a sec- 
ond dynode, provided in confrontation with the first dyn- 
ode and applied with an electric voltage higher than that 
applied to thefirst dynode, for electrostatically attracting 
the secondary electrons from the first dynode; and a wall 
electrode provided for separating the first and second 
dynodes from the electron inputting portion, the wall 
electrode being formed with a first incident opening, the 
first incident opening being covered with a mesh elec- 
trode for allowing electrons from the electron inputting 
portion to pass therethrough to impinge the first dynode. 
the wall electrode and the mesh electrode being applied 
with an electric voltage intermediate between the elec- 
tric voltages applied to the first and second dynodes. 

According to still another aspect, the present inven- 
tion provides an electron multiplier for multiplying inci- 
dent electrons and for outputting the multiplied elec- 
trons, the electron multiplier comprising: a mesh elec- 
trode provided at a first incident opening for receiving 
electrons to be multiplied; an electron multiplication por- 
tion for multiplying, in cascade manner, the incident 
electrons having passed through the first incident open- 
ing; an anode for collecting the electrons multiplied by 
the electron multiplication portion, wherein the electron 
multiplication portion includes: a first dynode, applied 
with a predetermined electric voltage, for receiving the 
electrons having passed through the first incident open- 
ing to thereby emit secondary electrons; a second dyn- 
ode, provided in confrontation with the first dynode, for 
receiving the secondary electrons from the first dynode 
to emit secondary electrons accordingly, the second 
dynode having a second incident opening for allowing 
the secondary electrons from the first dynode to pass 
therethrough to impinge the second dynode, the second 
dynode being applied with an electric voltage higher 
than that applied to the first dynode; and an auxiliary 
electrode provided in a space located between the first 
and second dynodes to extend in a direction substan- 
tially orthogonal to the mesh electrode, the mesh elec- 
trode and the auxiliary electrode being applied with an 
intermediate electric voltage which is higher than the 
electric voltage applied to the first dynode and which is 
lower than the electric voltage applied to the second 
dynode, the second incident opening being located In a 
gap between the mesh electrode and the auxiliary elec- 
trode. 

Preferred embodiments of the invention will now be 
described and contrasted with the prior art. with refer- 
ences to the accompanying drawings, in which: 
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Fig. 1 is an illustrative view of an electron multipli- 
cation portion of a conventbnal electron multipllen 
Fig. 2 is an enlarged view of an essential part of Fig. 
1; 

Fig. 3 is an illustrative view of an electron multipli- 
cation portion of another conventional electron mul- 
tiplier; 

Fig. 4 is an enlarged illustrative view of an essential 
part of an electron multiplication portion of a still 
anotlner conventional photbmultiplier tube; 
Fig. 5 is an illustrative view of another conventional 
photomultiplier tube; 

Fig. 6 is an illustrative view of still another conven- 
tional photomultiplier tube; 

Fig. 7 is a front view showing an outer view of a pho- 
tomultiplier tube of a preferred embodiment of the 
present invention with an intemal portion visible; 
Fig. 8 is an enlarged view of an essential part of the 
photomultiplier tube of Fig. 7; 
Fig. 9 shows how the equipotential surfaces are dis- 
tributed in the space between a first dynode and a 
dynode group in Fig. 8 and also shows an enlarged 
view of a dynode group provided in the photomulti- 
plier tube of Fig. 8; 

Fig. 10 is a front view showing an outer view of a 
. photomultiplier tube of a second embodiment of the 
present invention with an internal portion visible; 
Fig. 11 is an enlarged view of an essential part of 
the photomultiplier tube of Fig. 10; 
Fig. 12 shows how the equipotential surfaces are 
distributed in the space between a first dynode and 
a dynode group in Fig. 11; 

Fig. 13 is an enlarged view of an essential part of a 
photomultiplier tube of a modification of the second 
embodiment; and 

Fig. 14 shows how the equipotential surfaces are 
distributed in the space between a first dynode and 
a dynode group in Fig. 13. 

Referring to the accompanying drawings, the fol- 
lowing text will describe in detail preferred embodiments 
of the invention wherein like parts and components are 
designated by the same reference numerals. 

Fig. 7 shows a photomultiplier tube of a first pre- 
ferred embodiment of the present invention. 

The photomultiplier tube includes a vacuum cham- 
ber constructed from a substantially spherical light-re- 
ceiving surface 1 . a bulb portion 2. and a cylindrical stem 
portion 3 serving as a stand base. A photoelectric cath- 
ode 5 is formed on the inner surface of the light-receiving 
surface 1 . Light incident on the light-receiving surface 1 
is irradiated on the photoelectric cathode 5, whereupon 
photoelectrons emit from the photoelectric cathode 5. 
An electron multiplication portion 6 is provided In con- 
frontation with the photocathode 5 for multiplying pho- 
toelectrons supplied from the photocathode 5. 

Fig. 8 shows an enlarged view of the electron mul- 
tiplication portion 6. The portion 6 is accommodated in 



a focus electrode 7 substantially of a rectangular paral- 
lelepiped shape. The electrode 7 is for shielding the 
electron multiplication portion 6 against influences from 
the potential of the photocathode 5. The rectangular par- 
5 allelepiped electrode 7 is opened at its bottom portion 
facing the stem 3. The focus electrode 7 has an incident 
opening 7a at its top portion facing the photocathode 5. 
The incident opening 7a is covered with a mesh elec- 
trode 9. As shown in the drawing, walls protrude around 
^0 the incident opening 7a in a direction toward the photo- 
cathode 5. The walls are for converging photoelectrons 
from. the photocathode 5 toward the Incident opening 7a. 
The focus electrode 7 and the mesh electrode 9 are con- 
nected and applied with the same electric potential. 
^5 A first dynode Dyl, for receiving photoelectrons 
having passed through the incident opening 7a and for 
emitting secondary electrons accordingly. Is provided in 
confrontation with the incident opening 7a. The first dyn- 
ode Dyl Is of a curbed shape resembling a quarter sec- 
20 tion of the cylinder. The curvature of the dynode Dyl is 
smallest nearest the incident opening 7a and gradually 
increases with distance from the incident opening 7a. A 
dynode group Dy is provided in confrontation with the 
first dynode Dyl. The dynode group Dy is located at a 
25 position in the vicinity of the center of curvature of the 
first dynode Dy1 . 

An enlarged view of the dynode group Dy is shown 
in Fig. 9. As shown in the drawing, the dynode group Dy 
includes a mesh electrode Me, second through eighth 
30 rows of dynodes Dy2 - Dy8, an anode 12. and a ninth 
row of dynodes Dy9 which are arranged in a laminated 
structure and which are enclosed by a rectangular metal 
box Bo. The metal box Bo includes an opening region 
R. The metal box Bo is oriented so that the opening re- 
35 gion R confronts the first dynode Dyl so that electrons 
from the first dynode Dyl enter the metal box Bo by 
passing through the opening region R. In the dynode 
group Dy, electrons are multiplied in cascade manner 
by the second through eighth dynode rows Dy2 - Dy8 
before being collected by the anode 12. 

Because the dynode group Dy is located substan- 
tially at the center of curvature of the first dynode Dy1 
and because secondary electrons emitted from the first 
dynode Dyl travel toward the curvature center of the 
dynode Dyl , secondary electrons can be highly effi- 
ciently guided to the dynode group Dyl. Additionally, 
secondary electrons emitted from each area on the dyn- 
ode Dyl arrive at the dynode group Dy after travelling 
almost equal distances. Electrons travel from the first 
dynode Dyl to the dynode group Dy over more uniform 
lengths of time. 

According to the present invention, a plate elec- 
trode 10 is additionally disposed in the space between 
the dynode group Dy and the first dynode Dyl . The plate 
electrode 10 Is of a rectangular plate shape having a 
pair of broad rectangular surfaces and two pairs of nar- 
row rectangular edges. As apparent from Fig. 9. the 
plate electrode 10 has the narrow rectangular cross- 
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section. As also apparent from Fig. 9. the plate electrode 
10 is oriented so that the pair of broad surfaces and one 
pair of narrow edges extend in a direction nornnal to the 
sheet of drawing of Fig. 9; so that one edge of this pair 
confronts a side edge of the metal box Bo; and so that 
the other pair of narrow edges extend in a direction nor- 
mal to the mesh electrode 9. The plate electrode 10 ex- 
lends from near the dynode group Dy toward the farthest 
end of the first dynode Dyl from the mesh electrode 9. 
The plate electrode 10 is supplied with an electric po- 
tential the same as that supplied to the mesh electrode 
9. The opening R of the metal box Bo is therefore located 
between the mesh electrode 9 and the plate electrode 
10. 

The second row of dynodes Dy2 is applied with a 
higher electric voltage than the first dynode Dyl. The 
mesh electrode 9 and the plate electrode 1 0 are sup- 
plied with an electric voltage which is higher than the 
electric voltage applied to the first dynode Dyl and is 
lower than the electric voltage applied to the second 
dynode row Dy2. Fig. 9 shows one concrete example of 
electric voltages applied to respective parts of the elec- 
tron multiplication portion 6. Equipotential surfaces are 
indicated by an S. According to this example, the first 
dynode Dyl and the second dynode row Dy2 are ap- 
plied with electric potentials of 704 volts and 810 volts, 
respectively. The metal box Bo is applied with 81 0 volts. 
The mesh electrode 9 and the plate electrode 10 are 
applied with an electric potential of 720 volts, which is 
an intermediate value between the electric potentials 
applied to the first dynode Dy1 and to the second dyn- 
ode row Dy2- In the dynode group Dy, the mesh elec- 
trode Me is supplied with an electric potential of 704 
volts. The third through eighth rows of dynodes DyS - 
Dy8 are supplied with electric potentials of 910 volts, 
1010 volts, 1110 volts, 1210 volts, 1310 volts, and 1410 
volts, respectively. The anode 1 2 is applied with an elec- 
tric potential'of 1610 volts. The ninth dynode row Dy9 is 
applied with an electric potential of 1 51 0 volts. It is noted 
that the photocathode 5 is applied with zero (0) volts. 

As described above, the mesh electrode 9 is sup- 
plied with a voltage of an intermediate value between 
the voltages applied to the dynodes in the dynode group 
Dy and the first dynode Dyl. Accordingly, any equipo- 
tential surfaces of electric potentials, lower than the 
electric potential of the first dynode Dyl . will not protrude 
downward through the incident opening 7a to invade 
into the interior of the electron multiplication portion 6. 
Therefore, no points on the lower side of the incident 
opening 7a develop electric potentials lower than that of 
the first dynode Dyl. Accordingly, no secondary elec- 
trons emitted from the first dynode will return to the first 
dynode Dyl . 

The electric field produced due to the potential dif- 
ference between the first dynode Dy1 and the dynode 
group Dy is surrounded by the mesh electrode 9 and the 
plate electrode 10. Because both the mesh electrode 9 
and the plate electrode 1 0 have a potential intermediate 



between the first dynode Dyl and the dynode group Dy, 
the equipotential surfaces S are rectified to be substan- 
tially concentric around the dynode group Dy. In other 
words, electric lines of force umformly converge toward 
5 the dynode group Dy. Electric fields are thus uniformly 
produced between the first dynode Dyl and the dynode 
group Dy. 

Because equipotential surfaces S are uniform in the 
vicinity of the first dynode Dyl, secondary electrons 

10 emitted from respective portions "a" through "e" on the 
first dynode Dyl travel toward the dynode group Dy 
along corresponding paths indicated by arrows in the 
figure. Secondary electrons emitted from the first dyn- 
ode Dyl therefore all enter the dynode group Dy. In oth- 

15 er woi-ds, the entire surface of the first dynode Dyl 
serves as an effective region for successfully providing 
secondary electrons to the dynode group Dy. It is there- 
fore possible to use a wider area of the first dynode Dyl 
for providing secondary electrons. The dynode group Dy 

20 can highly efficiently collect secondary electrons for fur- 
ther multiplication. 

As described above, according to the present em- 
bodiment, the mesh electrode 9 is provided over the in- 
cident opening 7a. The dynode group Dy is provided 

25 downstream of the first dynode Dyl so it can multiply 
electrons supplied from the first dynode Dyl . The dyn- 
ode group Dy is located near the curvature center of the 
first dynode Dyl . The plate electrode 10 and the mesh 
electrode 9 are supplied with a potential intermediate 

30 between the potentials applied to the first dynode Dyl 
and applied to the dynode group Dy. Accordingly, the 
electric field formed due to the potential difference be- 
tween the first dynode Dyl and the dynode group Dy is 
surrounded by the intermediate potentials. The electric 

35 field is therefore unifomily distributed over the region 
from the vicinity of the first dynode Dyl toward the dyn- 
ode group Dy. Accordingly, secondary electrons emitted 
from the entire surface of the first dynode Dyl are uni- 
formly guided to the dynode group Dy. Because the 

40 mesh electrode is provided with the intermediate poten- 
tial, secondary electrons emitted from any porlion of the 
first dynode Dyl will reach the dynode group Dy in sub- 
stantially the same length of time. 

A photomultiplier tube of the second embodiment 

45 will be described below with reference to Figs. 10 
through 12. 

According to the second embodiment, as shown in 
Fig. 10, the dynode group Dy of the first embodiment is 
replaced with another dynode group Dy'. As shown in 

50 Fig. 11, the dynode group Dy' includes second through 
ninth dynodes Dy2 - Dy9 and an anode 12 which are 
arranged in a line-focused manner. The dynode group 
Dy' has an opening region R for allowing electrons from 
the first dynode Dyl to be incident on the second dynode 

55 Dy2. The opening region R is defined as a space be- 
tween an end E2 of the second dynode Dy2 nearer to 
the mesh electrode 9 and an end E3 of the third dynode 
Dy3 nearer to the mesh electrode 9. According to the 
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present embodiment, the dynode group Dy' is provided 
so that the opening region R is located in the vicinity of 
the curvature center of the first dynode Dyl . 

A pole electrode 1 1 is additionally provided between 
the opening region R and the mesh dynode 9 at a posi- 
tion near both. The position of the pole electrode 1 1 con- 
fronts the curvature center of the first dynode Dy1. The 
pole electrode 11 is applied with an electric potential 
which is higher than the electric potentials of the mesh 
electrode 9 and of the plate electrode 10 but which is 
lower than the potential of the dynode Dy2. The pole 
electrode 1 1 extends along a side edge of the incident 
opening 7a in a direction normal to the sheet of drawing 
of Fig. 1 1 . Parts of the photomultiplier tube of the present 
embodiment, other than those described above, are the 
same as those of the first embodiment. 

According to Ihe present embodiment, the pole 
electrode 11 is provided near the opening region R and 
is applied with the above-described potential. As shown 
in Fig. 1 2, the pole electrode 1 1 can upwardly shift paths, 
along which electrons travel in the vicinity of the pole 
electrode 1 1 . Accordingly, no electrons will pass through 
the gap between the dynodes Dy2 and Dy4. Alt the elec- 
trons from the first dynode Dyl will properly enter the 
second dynode Dy2. Electrons can therefore be highly 
efficiently guided to the dynode Dy2. It Is noted that the 
pole electrode 11 is positioned above the opening region 
R so that the pole electrode 11 will not be attacked by 
electrons that are emitted from the entire region of the 
first dynode Dyl and that are travelling toward the open- 
ing region R. 

Fig. 12 also shows one example of voltages applied 
to the respective components of the electron multiplica- 
tion portion 6 of this embodiment. Equipotential surfaces 
S are also shown in the figure. Similarly to the example 
of the first embodiment, the first dynode Dyl and the 
second dynode Dy2 are applied with electric potentials 
of 704 volts and 81 0 volts, respectively. The mesh elec- 
trode 9 and the plate electrode 10 are applied with an 
electric potential of 720 volts. The pole electrode 11 is 
applied with an electric pwDtential of 735 volts. The third 
and fourth dynodes Dy3 and Dy4 are respectively ap- 
plied with electric potentials of 942 volts and 1 030 volts. 
The photocathode 5 is applied with zero (0) volts. 

As apparent from the figure, equipotential surfaces 
S are rectified to be substantially concentric around the 
space defined between the pole electrode 11 and the 
plate electrode 10. The equipotential surfaces S are dis- 
tributed substantially at a uniform interval. Accordingly, 
electric lines of force uniformly converge into the space 
between the pole electrode 11 and the plate electrode 
10. Because electric fields are uniformly distributed in 
the vicinity of the first dynode Dyl , secondary electrons 
emitted from all the respective portions "a" through "e" 
on the first dynode Dyl can travel along corresponding 
paths indicated by arrows in Fig. 12. All these electrons 
can pass through the opening region R of the second 
dynode Dy2, which is located between the pole elec- 



trode 11 and the plate electrode 10. Electrons emitted 
from the entire region of the first dynode Dyl can there- 
fore successfully enter the dynode Dy2. 

A modification of the second embodiment will bede- 
5 scribed below with reference to Figs. 1 3 and 14. 

In this modification, the first dynode Dyl is of a 
curved shaped forming a quarter section of an exact cyl- 
inder. The dynode Dyl has therefore a uniform curva- 
ture. A vertical length L is defined by the distance be- 

10 tween the incident opening 7a and the farthest end of 
the first dynode Dyl from the incident opening 7a. The 
dynodes Dy2 through Dy9 and the anode 1 2 of the dyn- 
ode group Dy' are accommodated within the region hav- 
ing the same vertical length L. The photomultiplier tube 
of this modification can be made compact. 

As shown in Fig. 1 4, respective components of the 
multiplication portion 6 can be supplied with the same 
voltages as In the example shown in Fig. 1 2 for the sec- 
ond embodiment. As apparent from the figure, equipo- 

20 tential surfaces S are distributed uniformly concentrical- 
ly about the space between the pole electrode 11 and 
the plate electrode 10. Electric lines of force uniformly 
converge toward the space between the plate electrode 
1 0 and the pole electrode 1 1 . Because electric fields are 

25 uniformly distributed in the vicinity of the first dynode 
Dyl , secondary electrons emitted from all the portions 
"a" to "d" on the first dynode Dyl travel along corre- 
sponding paths as indicated by arrows in the figure. 
Electrons emitted from the entire region of the first elec- 

30 trode Dyl can therefore successfully enter the dynode 
Dy2. 

The above-described three types of photomultiplier 
tubes shown in Figs. 7, 10, and 13 were produced. 
These photomultiplier tubes were driven with electric 

35 voltages as shown In Figs. 9, 12. and 14. The conven- 
tional type of photomultiplier having an electron multipli- 
cation portion of Fig. 1 was used as a comparative ex- 
ample. Distribution in the time length taken by electrons 
to travel in each photomultiplier tube (referred to as 

40 Transit Time Spread (TTS)) was measured. The meas- 
ured results are shown in the table 1 below. 



Table 1 



45 





Fig. 7 


Fig. 10 


Fig. 13 


Fig- 1 




0.8 nsec 


1.2 nsec 


1 .4 nsec 


3.3 nsec 



Less variation in travelling time of electrons were 
seen In the photomultiplier tubes of the examples of 

so Figs. 7, 10, and 13 than was seen in the conventional 
photomultiplier tube of Fig. 1 . It is apparent that travel 
tirine for electrons is more uniform in the photomultiplier 
tube of the present invention. 

As described above, the electron multiplier of the 

55 present invention includes an electron multiplication 
portion for multiplying incident electrons. The electron 
multiplication portion has a first incident opening for re- 
ceiving electrons to be multiplied. In the electron multi- 
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plication portion, a first dynode is provided for receiving 
electrons having passed through the first incident open- 
ing and for emitting secondary electrons accordingly. A 
second dynode Is provided in confrontation with the first 
dynode; The second dynode is applied with an electric 
voltage higher than the first dynode for electrostatically 
attracting the secondary electrons from the first dynode. 
When electrons enter the electron multiplication portion 
through the first incident opening, electrons are multi- 
plied in cascade manner by the first and second dyn- 
odes. Multiplied electrons are then collected up by an 
anode. 

According to the present invention, a mesh elec- 
trode is provided over the first incident opening of the 
electron multiplication portion. The mesh electrode is 
applied with an intermediate voltage which is higher 
than the voltage applied to the first dynode and which is 
lower than the voltage applied to the second dynode. 
An equipotential surface of a potential lower than that of 
the first dynode will not protrude into the interior of the 
islectron multiplication portion through the first incident 
opening. Accordingly, any secondary electrons emitted 
from the first dynode will not return to the first dynode. 
Additionally, the mesh electrode provided with the inter- 
mediate potential can control electrons emitted from the 
entire portion of the first dynode to travel toward the sec- 
ond dynode substantially over the same length of time. 

According to the present invention, a first auxiliary 
electrode is additionally provided between the first dyn- 
ode and the second dynode. The first auxiliary electrode 
extends In a direction substantially orthogonal to the 
mesh electrode. The mesh electrode and the first aux- 
iliary electrode are applied with the intermediate electric 
voltage which is higher than the electric voltage applied 
to the first dynode and which is lower than the electric 
voltage applied to the second dynode. A second incident 
opening is defined in a gap between the mesh electrode 
and the first auxiliary electrode. The second dynode is 
located in the downstream side of the second incident 
opening. Secondary electrons travelling from the first 
dynode pass through the second incident opening be- 
fore entering the second dynode. The potential differ^ 
ence between the first and second dynodes produces 
an electric field in the space between the first dynode 
and the second incident opening. The electric field is 
surrounded by the mesh electrode and the first auxiliary 
electrode which are applied with the intermediate volt- 
age. Equipotential surfaces are therefore produced be- 
tween the first dynode and the second incident opening 
by substantially a uniform interval. Electric lines of force 
uniformly converge from the entire portion of the first 
dynode toward the second incident opening. According- 
ly, secondary electrons emitted from the entire portion 
of the first dynode can be unitormly guided to the second 
dynode through the second incident opening. The inter- 
mediate potentials developed on both the mesh elec- 
trode and the first auxiliary electrode can control elec- 
trons emitted from the entire region of the first dynode 



to travel toward the second dynode substantially in the 
same length of time. 

Especially when the first dynode has a curved 
shape, substantially formed from a quarter section of a 

5 cylinder, for example: the first auxiliary electrode is lo- 
cated so that the second incident opening Is positioned 
in the vicinity of the curvature center of the first dynode. 
Secondary electrons emitted from the entire portion of 
the first dynode can therefore be uniformly guided to the 

10 second incident opening. Those electrons take the 
same length of time to travel from the first dynode to the 
second dynode. 

When a second auxiliary electrode is additionally 
provided at the second incident opening in the vicinity 

1^ of the mesh electrode, the second auxiliary electrode is 
applied with an electric voltage higher than the electric 
voltage applied to the mesh electrode and lower than 
the electric voltage applied to the second dynode. The 
second auxiliary electrode can modify the equipotential 

20 surfaces so that secondary electrons will be introduced 
to the second dynode more efficiently. 

When the dynode group is accommodated in a re- 
gion occupied by the first dynode, the entire electron 
multiplier can be made compact. 

25 The above-described embodiments are directed to 
a photomultiplier tube. The present invention can be ap- 
plied to an electron multiplier that is not provided with a 
photocathode. The electron multiplier may be provided 
with a general type of cathode as an electron source. 

30 The electron multiplier may be provided with no cath- 
ode, but may be arranged for multiplying electrons sup- 
plied from outside. 

In the above-described embodiments, the first dyn- 
ode Dyl resembles a shape of a quarter section of a 

35 cylinder. However, the first dynode Dyl can be formed 
into any shape. When the first dynode Dyl has a curved 
surface, the second dynode should preferably be locat- 
ed in the vicinity of the curvature center of the curved 
surface of the first dynode Dy1. 

40 As described above, according to the present in- 
vention, an electric field produced due to the potential 
difference between the first and second dynodes is sur- 
rounded from both sides by the mesh electrode and the 
auxiliary electrode (plate electrode). The mesh elec- 
ts trode and the auxiliary electrode are supplied with a po- 
tential intermediate between the electric potentials of 
the first and second dynodes. An electric field is there- 
fore uniformly distributed from the first dynode toward 
the incident opening of the second dynode. All of the 

50 secondary electrons emitted from the first dynode can 
be uniformly guided toward the second dynode. All elec- 
trons take substantially the same length of time to travel 
from the first dynode to the second dynode. 

55 

Claims 

1. An electron multiplier for multiplying electrons, the 
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' electron multiplier comprising: 

a mesh electrode (9) for allowing electrons to 

pass therethrough from a first side to a second 
side, the mesh electrode (9) being applied with s 
a first electric voltage; 

a first dynode (Dyl) provided on the second 
side of the mesh electrode (9) facing It for 
receiving electrons passing through it and for 
emitting second electrons, the first dynode io 
(Dyl) being applied with a second electric volt- 
age lower than the first electric voltage; and. 
a second dynode (Dy2) provided on the second 
side of the mesh electrode (9) facing the first 
dynode (Dyl), the second dynode (Dy2) being ^5 
applied with a third electric voltage higher than 
the first electric voltage for receiving the sec- 
ondary electrons emitted from the first dynode 
(Dyl) and for. emitting secondary electrons. 

20 

2. An electron multiplier of claim 1 , further comprising 
an auxiliary electrode (10) applied with the first elec- 
tric voltage and located on the second side of the 
mesh electrode (9), the auxiliary electrode (10) and 
the mesh electrode (9) confining an electric field 25 
produced between the first dynode (Dyl ) and the 
second dynode (Dy2). 

3. An electron multiplier of claim 1 or 2, further com- 
prising a second auxiliary electrode (11) provided 30 
on the second side of the mesh electrode (9), the 
second auxiliary electrode (11 ) being applied with a 
fourth electric voltage which is higher than the first 
electric voltage and which is lower than the third 
electric voltage, the . second auxiliary electrode 3S 
being located in the vicinity of the second dynode 
(Dy2) to modify the electric field In the vicinity of the 
second dynode (Dy2). 

4. An electron multiplier of claim 2 or 3, wherein the or 40 
each auxiliary electrode (1 0, 1 1 ) is located between 

or extends between the first dynode (Dyl) and the 
second dynode (Dy2). 

5. An electron multiplier of claim 2 or 4, wherein the 45 
auxiliary electrode (10) extends substantially 
orthogonally to the mesh electrode. 

6. An electron multiplier of any preceding claim, 
wherein the first dynode (Dyl) includes a curved so 
surface having a centier of curvature substantially 

at a predetermined point, the second dynode (Dy2) 
being located in the vicinity of the predetermined 
point. 

55 

7. An electron multiplier according to any one of the 
preceding claims, further including an electron 
inputting portion for receiving electrons to be multi- 



plied; 

a. wall electrode (7) provided for separating the 
first (Dyl ) and second dynodes (Dy2) from the 
electron inputting portion, the wall electrode (7) 
being formed with a first incident opening (7a), 
the first incident opening being covered with the 
mesh electrode (9) for allowing electrons fronri 
the electron inputting portion to pass there- 
through to impinge the first dynode (Dyl). 

8. An electron multiplier of any preceding, which 
includes a cathode for emitting electrons toward the 
mesh electrode (9), and preferably includes a pho- 
tocathode (5) for receiving light and for emitting 
electrons accordingly. 

9. An electron multiplier of any preceding claim, fur- 
ther comprising a series of dynodes (DyS - Dy9) for 
multiplying electrons emitted from the second dyn- 
ode (Dy2) in a cascade manner, the second dynode 
(Dy2) and the series of dynodes (DyS - Dy9) being 
arranged in a laminated structure or in a line- 
focused structure. 

10. An electron multiplier of claim 9, wherein the second 
dynode (Dy2), the series of dynodes (DyS - Dy9), 
and an anode (12) are accommodated in a region 
of a length L from the mesh electrode (9) where the 
length L is defined as a distance between the mesh 
electrode (9) and the end of the first dynode (Dyl ) 
most remote from the mesh electrode (9). 
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